Symptoms of patients in elderly and over-all groups compared (over-all group in italics.) tual heart failure was six times as common (4 per cent rising to 23 per cent). Cerebral symptoms rose from 21 to 45 per cent in the older group, headache and hypertensive encephalopathy being the principal symptoms. The incidence of cerebrovascular accidents was increased from 4 to 10 per cent in the older group.
There was no elderly patient with a history of subacute bacterial infection compared with 4 per cent in the series of all ages. Poor peripheral circulation gave rise to a relatively slight increase in symptoms. Intermittent claudication, cold feet, and cramp at rest were encountered in 26 per cent compared with 18 per cent in the younger group.
In spite of their age, 48 per cent of the older patients were still diagnosed at chance examinations and 13 per cent were asymptomatic even on direct questioning, compared with 66 per cent and 34 per cent in the overall group.
Physical Signs
Comparison of the physical signs of the elderly series with those of the over-all group is shown in figure 2 . Fewer, surprisingly, were COLLATERAL Figure 2 Phtio;,rnSl "o4ne nf i o} nnf] nvpr-, % was not possible. Ejection murmurs were al-IOULDERS 78 97 most invariably heard (97 compared with 87 per cent) but the second sound was less often 97 9.9 normal (62 compared with 78 per cent), a prolonged left ventricular ejection time increasing the incidence of single second sounds (25 per cent) and reversed splits ( Angiography was used to delineate the anat-100 as omy in 39 per cent. In the light of modern knowledge it was unnecessary in all but one visible 84 as lower thoracic case as the presence and situation of the coarctation were obvious from -nil arnizn.q rnzm.rpd physical signs and radiologic examination. raystuat 31g1&O uf u rty U{tu 5vu' '-'-u 'u-pt'-" (over-all group in italics). recorded as having palpable collateral vessels around the shoulder girdle (78 per cent compared with 97 per cent) for which there was no obvious explanation. All but one were in sinus rhythm in both groups.
The average blood pressure in the right arm was 206/100 mm. Hg in the older group, compared with 172/98 in the young group, and 197/100 mm. Hg in the left arm, compared with 167/98. The normal blood pressure, however, for a man of 46 is 130/80 mm. Hg, and for a woman 133/81 mm. Hg; the equivalent pressures at the age of 22 are 121/74 and 120/72 mm. Hg.5 The average level above normal was then approximately 70/20 mm. Hg in the elderly, compared with 50/25 mm. Hg in the younger group. The femoral pulse was invariably diminished and delayed in the older group, which correlated with an average coarctation lumen of 2 mm.
On auscultation, the presence or absence of ejection clicks and mitral diastolic murmurs was not adequately recorded in early cases and a comparison of their over-all incidence Associated Anomalies Associated shunts were rather fewer in the older group (3 per cent with persistent ductus arteriosus and none with ventricular septal defect, compared with 6 and 1 per cent, respectively, in the large series) ( fig. 3 ). Coincident valve defects were fewer, dropping from 21 to 12 per cent. Significant aortic incompetence was still the commonest (6 per cent). An additional 13 
Operative Findings and Technics
Almost all (94 and 95 per cent) of the coarctations of both groups were typical, the isthmus being immediately distal to a normally arising left subclavian artery. Three per cent of the elderly group and 2 per cent of the younger group were at unusual sites, one in the lower thorax in each group, and another in the abdomen in the over-all group. One subelavian artery (3 per cent) in the elderly and four subclavian arteries (3 per cent) in the over-all group arose distal to the isthmus.
The lumen of the coarctation of both groups was, on the average, 2 mm. The lumen size was recorded in 21 patients in the elderly group-in seven (33 per cent) there was no lumen, in nine (43 per cent) it was between 1 and 2 mm., and in five (24 per cent) it was 3 or more mm. A "coarctation" murmur had previously been heard posteriorly in four of the seven patients with n absent in three. Aneurysms All four deaths were due to hemorrhage from the aorta-one during dissection, two in the immediate postoperative period, and one after administration of heparin during dialysis for renal failure. The over-all group's mortality had been due to hemorrhage in two, false and mycotic aneurysm formation in three, unskilled use of hypotensive drugs in one, and renal failure in one.
Late deaths were two (6 per cent) in the elderly group, one dropping dead abroad 3 years later, no autopsy being performed, and another at a subsequent extracorporeal circulation operation for calcific aortic stenosis. Two of the over-all group had dropped dead (no autopsy), one had died of cerebral thrombosis, and two had died at subsequent bypass operations (4 per cent). The total mortality was therefore 19 per cent in the elderly group, compared with 10 per cent in the main group. 
Figure 6
Comparison of mortality rates (over-all group in italics). Figure 8 Average systolic and diastolic blood pressures of the two groups compared. Elderly group, continuous lines; over-all group, interrupted lines; systolic pressures, above; diastolic pressures, below. arms before operation, on discharge from hospital, and at follow-up examination. These are compared with 77 satisfying the same criteria in the larger group. Relation of average systolic and diastolic blood pressures to the normal for the mean ages of the groups (systolic pressures above, diastolic pressures below).
The average blood pressure for the elderly group before operation was 206/100 in the right arm and 197/100 in the left. On discharge from the hospital it was 155/91 in the right arm, and at follow-up examination, at a mean of 2.8 years later (variation 2 months to 7 years), it was 155/93 ( fig. 8 ). The equivalent figures for the larger group were 172/98, 167/98, 139/83, and 139/82. Relation of the mean pressures to normal showed a greater similarity between the groups (fig. 9 ). The systolic and diastolic pressures of the older group were initially 70/20 mm. Hg above normal (50/25 mm. Hg in the over-all group) falling to 21/11 mm. Hg (29/10 mm.) on discharge from hospital, and 16/11 mm. Hg (16/8 mm.) above normal at follow-up.
Average figures are relatively meaningless due to the different age ranges covered; so the individual blood pressures before operation and at follow-up were therefore plotted against the normal pressures expected for the age and sex of the patient5 (figs. [10] [11] [12] [13] .
The distribution of systolic and diastolic Hg and none in either group was at or below the normal mean level. After operation all systolic pressures were under 200 mm. Hg. Relation to normal showed the pressures of both groups to be remarkably similar. Ninety-two per cent (85 per cent) were within 40 mm. Hg of normal for age and sex, 60 per cent (57 per cent) within 20 mm. Hg, and 24 per cent (23 per cent) at or below the normal line.
The diastolic pressures before operation were similarly compared. Fifty-six per cent of the elderly group were less than 110 mm. Hg, compared with 74 per cent in the over-all group. Fifty-two per cent (26 per cent) were After operation the diastolic pressures of the two groups were again remarkably similar. Eighty-eight per cent (96 per cent) were under 110 mm. Hg, 84 per cent (86 per cent) were within 20 mm. Hg of the normal mean, 60 per cent (54 per cent) within 10 mm., and 20 per cent (17 per cent) at or below the normal line.
Chest Radiograph
Radiologically there was not much change. Because the cardiothoracic ratio is a notoriously inaccurate method of cardiac measurement, transverse diameters of the heart have been used as a somewhat more accurate and comprehensible measurement. 6 Twenty-four patients had chest radiographs Discussion Coarctation has been described in patients up to the age of 92, but the average age at death is about 33 years.7 Operations on patients above the age of 40 are uncommon, reflected by the fact that only 31 have been collected from the entire experience of the thoracic surgeons at London's undergraduate and postgraduate teaching hospitals. The incidence from the literature varies from 13 per cent8 to none.9 Eight per cent of those patients who were operated on at the Brompton Hospital up to 1962 were aged over 40. 4 Deaths due directly to coarctation result from rupture of the aorta, subacute bacterial endocarditis, left ventricular failure, or cerebrovascular accidents,10 and the symptoms of patients who have had a coarctation for 40 years should reflect the imminence of these complications. In this series there was of course no patient with a history of aortic rupture. None either had had subacute bacterial endarteritis, which must have proved lethal or demanded earlier operation.
The incidence of symptoms due to left ventricular strain in the elderly group was double the incidence in the larger group of all ages. Left ventricular failure itself increased sixfold. Cerebral symptoms were twice as common in the older group, but those due to a decreased blood flow to the lower limbs were only slightly more frequent presumably due to the good collateral supply that must have developed over the years.
Even after the age of 40 a coarctation may still be recognized by chance. The diagnosis was made at incidental examinations in almost half the cases. One eighth were still asymptomatic on direct questioning, com- pared with a third of the over-all group and two thirds of Wood's series.1" The physical signs of an elderly coarctation should show the effects of long-standing hypertension, although the blood pressure in coarctation does not increase in a linear fashion with age but tends to level out during the third decade.12 When related to the normal mean pressure for the age of the patients, the systolic pressure was only 20 mm. Hg higher and the diastolic pressure actually 5 mm. Hg lower than the large group, reflecting the presence of aortic incompetence in one fifth of the patients. The effect of the long-standing load on the left ventricle was more obvious. The prolonged left ventricular ejection time led to a decreased number of patients with a normal second sound at the base. There was electrocardiographic evidence of left ventricular hypertrophy and some radiographic enlargement in almost all the older patients.
Good collateral circulation produced rib notching in all, but the aortic knuckle was not always abnormal even after 40.
The coarctation of a patient surviving to 40 or more might be expected to be relatively mild but the femoral pulse in this series was uniformly found to be diminished and delayed and the coarctation lumen was on average the same as that for the larger group. In a third there was in fact no lumen at all. A "ccoarctation" murmur was recorded posteriorly in over half of these, for which the explanation is obscure, if the assumption is correct that the murmur is due to flow through the stenotic area.'1 Skandalakis and associates'3 implied that aneurysms associated with coarctation were usually aortic (83 per cent) and seldom intercostal (10 per cent), a relative incidence that did not hold for either of these series or that of Schuster and Gross.8 Aneurysms were more common in the elderly group than in the younger, solely because of the number of intercostal aneurysms. The distinction between "large," "aneurysmal," and "aneurysm of" an intercostal artery is fine and may account in part for this increase in a retrospective study. Aortic rupture in coarctation in any case oc-curs from proximal dissection more often than rupture of an aneurysm" and the increased incidence may have been less hazardous than superficially it seems.
After resection of the coarctation an end-toend anastomosis was usually possible and the lumen achieved was satisfactory in all instances. Grafts were required in one sixth of the patients in both groups, but for different reasons. In the older patient a graft was necessary, primarily because of poor anastomotic aortic tissue and only rarely for a long narrow segment, while the latter was the prime reason for a graft insertion in the large series. Cystic medial necrosis is a recognized complication of coarctation, and atherosclerosis may occur earlier in the presence of proximal hypertension and make the elderly aorta more friable.
The operative mortality of coarctation resection can be as low as 1.6 per cent if older patients and those with associated cardiac defects are avoided.8 Operation over the age of 40 carries a higher risk, which varies from 7 to 37 per cent in the literature.3 14 The operative mortality of the older series reported here was double that of the larger group. Aortic hemorrhage was the sole cause of death, again stressing the friable nature of the aorta of the elderly patient with coarctation. Late deaths from subsequent bypass operations and unexplained collapse were in much the same ratio in both groups.
Morbidity following operation for coarctation can be as low as 4 per cent.8 It was much higher following resection of the elderly coarctations, mainly due to pulmonary and pleural complications, as might be expected in a community living in London with its tendency to chronic bronchitis and emphysema.
The increased mortality and morbidity of operation on patients over 40 can only be justified if the blood pressure is lowered and the patient improved symptomatically, electrocardiographically, and radiologically.
Figures for blood pressure are relatively meaningless unless they are related to the normal for the age and sex of the patient.5 Before operation the systolic pressures of only Circaltion, Volume XXXI, February 1965 one eighth of the elderly patients were within 40 mm. Hg and one twelfth within 20 mm. Hg of the expected mean for age and sex of the patient. At follow-up examination nine tenths and three fifths were within these limits. Preoperative diastolic pressures were within 20 mm. Hg of normal in half and 10 mm. Hg in a third of the patients. After operation five sixths and three fifths of the pressures fell into these categories.
In the younger group before operation the relative systolic pressures were lower and diastolic pressures higher than in the older group. At follow-up examination, however, the pressures of both groups bore a remarkable similarity of distribution.
The return toward normality in these two series was less striking than in the 12 surviving patients over 40 reported by Oey and Noordijk.14 Before operation their systolic pressures were lower and diastolic pressures higher than in this series (alinost half the preoperative pressures were within 40 mm. Hg systolic and two fifths within 20 mm. Hg diastolic of the normal mean). After operation five sixths had pressures within 20 mm. Hg systolic and nine tenths within 10 mm. Hg diastolic of the normal for the age of the patient.
Symptomatically also the older patients were improved. Three quarters were entirely asymptomatic after operation compared with only one eighth before. Electrocardiographic improvement could not be assessed because of inadequate records, but those available showed either no improvement or at the most one grade of diminution of left ventricular hypertrophy, which is in keeping withl the similar finding of Oey and Noordijk.
Radiographic improvement also was not striking. The over-all change was a moderate diminution in size but one fifth were unchanged and one eighth actually larger, due partly to the fact that the hearts of patients with coarctation are seldom much enlarged and partly to persistent aortic incompetence.
Excision of a coarctation in a patient over the age of 40 may therefore be expected to result in a satisfactory regression of hyperten-Circulation, Volume XXXI, February 1965 sion at least as good as that following resection in a young patient, and in considerable symptomatic though rather less radiologic improvement. The increased mortality and morbidity are acceptable, because the patient has already exceeded his life expectancy without operation and because the incidence of premonitory symptoms of serious complications is rising sharply. Mortality and morbidity could be lowered if care were taken to cut back the aorta to good stitch-holding tissue, and pulmonary complications avoided by vigorous physiotherapeutic measures before and after surgery.
Summary
The clinical presentation and operative results have been assessed of a series of patients with coarctation over the age of 40, and have been compared with a larger group of all ages.
Long-standing hypertension increased markedly the incidence of symptoms due to left ventricular strain and cerebral hypertension. There was little increase in symptoms due to poor peripheral blood flow and no case of subacute bacterial endarteritis.
The preoperative systolic blood pressures, when related to the normal for the age and sex of the patient, were higher and the diastolic pressures lower than an average group but signs of left ventricular strain were more common.
At operation the aortic narrowing was found to be of usual severity. Grafts were necessary because of poor anastomotic tissue rather than long narrow segments as in the larger group. The operative mortality was doubled in the elderly, due entirely to hemorrhage from friable aortas. Morbidity was increased as a result of pulmonary and pleural complications.
Postoperative blood pressures were almost exactly comparable with those of the over-all group when related to normal for age and sex. Symptoms were usually relieved but there was relatively slight radiologic or electrocardiographic change. The operative mortality and morbidity are acceptable in view of the risks of inaction and the satisfactory results of operation in the survivors.
